Target cell expression of major histocompatibility complex (MHC) class I molecules correlates with resistance to lysis by natural killer (NK) cells. Prior functional studies of the murine NK cell surface molecule, Ly-49, suggested its role in downregulating NK cell cytotoxicity by specifically interacting with target cell H-2D d molecules. . Although the molecular basis for NK cell specificity is poorly understood, target cell susceptibility to spontaneous cytotoxicity is inversely proportional to their level of expression of certain MHC class I molecules (3-5). Two explanations (6) have been proposed. MHC class I molecules may "mask" or interfere with recognition of putative target cell ligands by activation receptors on NK cells. Alternatively, target cell MHC class I molecules may directly engage NK cell receptors leading to inhibitory events in NK ceils. Our previous functional studies (7) of the murine Ly-49 molecule have supported the latter hypothesis.
infected cells but do not kill normal cells (1, 2) . Although the molecular basis for NK cell specificity is poorly understood, target cell susceptibility to spontaneous cytotoxicity is inversely proportional to their level of expression of certain MHC class I molecules (3) (4) (5) . Two explanations (6) have been proposed. MHC class I molecules may "mask" or interfere with recognition of putative target cell ligands by activation receptors on NK cells. Alternatively, target cell MHC class I molecules may directly engage NK cell receptors leading to inhibitory events in NK ceils. Our previous functional studies (7) of the murine Ly-49 molecule have supported the latter hypothesis.
Ly-49 is a type II integral membrane protein (8, 9) , with an external C-type lectin domain (9) , expressed on a distinct subset of murine NK cells (10) as a disulfide-linked homodimer of44-kD subunits (9) . Functional studies with IL-2-activated NK cells demonstrated that Ly-49 + NK cells generally manifested a lytic capacity equivalent to Ly-49-NK cells (7) . However, Ly-49 + NK cells were unable to lyse targets of H-2 k or H-2 d haplotype despite efficient lysis of these targets by Ly-49-NK cells, demonstrating that Ly-49 expression significantly influences NK cell target specificity. Transfection of a susceptible target cell line with cDNA encoding H-2D a rendered it resistant to lysis by Ly-49 + NK cells. Ly-49 + NK cells were unable to lyse the D a transfectant by other stimuli, including Ab-dependent cellular cytotoxicity (7, 11) . Gene transferred resistance was abrogated by mAbs against either Ly-49 or the otl/o~2 domain of D a. These data were compatible with our hypothesis that Ly-49 is an inhibitory receptor that specifically recognizes D a molecules on targets.
Our interpretation of t.hese functional studies predicts that Ly-49 directly interacts with H-2D d. Alternatively, the results may be explained by a NK cell surface molecule that is coexpressed with Ly-49 and that is indirectly influenced by the anti-Ly-49 mAb. Moreover, reversal of functional inhibition by mAbs could be due to other effects such as direct anti-Ly-49 triggering or anti-H-2D d dissociation of another effector cell ligand (12) . A final possibility involves the "masking model" in which H-2D a masks another target molecule specifically recognized by Ly-49 (13) . To distinguish between these possibilities, we sought to unequivocally establish the ligand for Ly-49. We have now overexpressed Ly-49 on Chinese hamster ovary (CHO) cells by transfection and DNA amplification. CHO cells bind target cells only when the cells express high levels of Ly-49 and H-2D a, respectively, by transfection. This interaction is specifically blocked by appropriate mAbs. Thus, this study demonstrates that Ly-49 is a receptor for a MHC class I molecule, further substantiating a role for target cell MHC class I molecules in innate immunity in addition to acquired (T cell-mediated) immunity.
Materials and Methods
Cell Culture. (7) and were maintained in media containing 0.5 mg/ml G418 (GIBCO BILL).
mAbs. The mAbs A1 (anti-Ly-49) and PK136 (anti-NKl.1) have been previously described (14, 15) . Rosette Assay. Ly-49His h CHO or Ly-49~n~CHO cells (3 x 104)
were grown overnight in 24-well tissue culture plates and washed twice with wash buffer (HBSS with 3% FCS). The targets were washed twice with cold wash buffer and diluted to 6 x 105 cells/ml; 500k aliquots were added to each well and incubated for 45 min in a 37~ 5% CO2 incubator. Wells were washed twice with wash buffer and photographed with a phase contrast inverted microscope.
Quantitative Binding Assay. This assay uses centrifugation of CO2 incubator. Target cells were then washed twice with cold wash buffer and diluted to 1.6 x 10 ~ cells/ml. 50k aliquots were added to washed CHO cell monolayers and returned to the CO2 incubator for 45 min. Wells were filled to a bulging meniscus with wash buffer, sealed with waterproof tape, inverted, and centrifuged in the upside down position at 300 g for 4 min. While still inverted, the sealant tape was removed, the plate drained, blotted, and reverted to the upright orientation. The remaining cells were lysed with 100X of lysis buffer (25 mM Tris, 0.1% SDS). 100X aliquots from each well were transferred into a disposable cuvette filled with 4 ml of lysis buffer. Relative fluorescence (RF) (compared to buffer alone) was determined with a spectrofluorimeter ( (Fig. 1) . Ly-49His h CHO cells were qualitatively able to rosette transfected cells expressing H-2D d (C1498-Da), whereas untransfected C1498 and C1498-K a cells did not bind (Fig. 2) . Binding of C1498-D d cells was specific for Ly-49Hig h CHO cells because they did not bind Ly-49 Inv CHO cells. Thus, rosette formation between these transfected cells appeared to be dependent on a specific interaction between Ly-49 and H-2D d.
Results

Ly-49~i~ h ClIO Cells
LF49 Specifically Recognizes H-2D a.
To eliminate any subjective bias in our rosette analysis, a quantitative assay was developed in which the only detectable binding was between Ly-49 r~igh CHO cells and C1498-D d cells (Fig. 3 A) . Untransfected C1498, C1498-K a, and C1498-L d did not adhere to Ly-49~ig h CHO cells. The Ly-49 I"v CHO cells did not bind any targets. A high level of Ly-49 expression was required for binding because C1498-D d cells did not adhere to Ly-49 r~ CHO cells (Fig. 3 B) . Thus, in rosette and quantitative assays, adhesion between transfected CHO and C1498 cells demonstrated an interaction between Ly-49 and H-2D d.
The specificity of this interaction was further confirmed by mAb blocking studies. Preincubation of Ly-49Hig h CHO cells with mAb A1 (anti-Ly-49) prevented binding to C1498-D d cells, whereas an isotype control mAb had no effect (Fig. 4) (23) . Indeed, there was no prior evidence suggesting that H-2K b, expressed by several sensitive targets, had any effect on cytotoxicity by Ly-49 + effector cells (7) . Moreover, in our current experiments, the various C1498 targets express H-2K b normally and at the same levels (7) but do not bind Ly-49 High CHO cells. Thus, binding of Ly-49 + EL-4 cells to H-2K b is not due to Ly-49 and may be due to other molecules expressed by EL-4.
Our current results suggest that binding of Ly-49 to H-2D d primarily involves the peptide binding domains of MHC class I molecules in a manner similar to interaction of MHC class I-restricted TCRs rather than CD8 molecules (28, 29) . The possible binding of Ly-49 to the H-2D aotl/ot2 domain suggests that bound peptides may alter MHC class I-associated protection by influencing interaction with NK cell receptors. The ability to assay a physical interaction between Ly-49 and MHC class I molecules should permit exploration of this hypothesis and determination of the significance of the C-type lectin homology of Ly-49 (9) .
The current results clearly suggest that, in natural killing, MHC class I-associated target cell resistance may be attributed to specific recognition of target cell MHC class I molecules by NK cell receptors such as Ly-49. When considered together with previous functional studies with Ly-49 § effector cells, the physiologic role of physical interaction between Ly-49 and H-2D d is probably not cell adhesion per se even though we have used cell adhesion to demonstrate this interaction. The quantitative assay demonstrated that a lower level of Ly-49 expression, comparable to constitutive expression on Ly-49 + NK cells was insufficient to produce detectable cell adhesion. This suggests that the binding affinity may be relatively low, i.e., TCR-MHC interaction (30) , or alternatively, Ly-49 could bind with high affinity to only a subset of H-2D a molecules, perhaps those displaying specific peptides. Although further studies are necessary to delineate the precise mechanism by which D ~ engagement of Ly-49 subsequently influences NK cell cytotoxicity, we favor the hypothesis that physical engagement of Ly-49 subsequently triggers an inhibitory signal that overrides NK cell activation (6, 7, 11) . This interpretation also suggests that an NK cell possesses another receptor responsible for NK cell activation in natural killing. Therefore, the susceptibility of a target to a particular NK cell may be determined by target expression of specific MHC class I molecules and a putative ligand for the activation receptor, as well as expression of the appropriate specific NK cell receptors.
